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‘This paper describes the use of Quality 1 ‘unction Deployment (QED), adapted to
requirements engineering for asofl ware intensive system development project, and
synthesizes the lessons Iecarned from the application of QJ;]) to the Network Control
System (NCS) pre-project of the 1 deep Space Network (1DSN).

The sclection of QI starled by recognizing that “quality” means customer satisfaction with
the product. The application of QD to the front-end of the lifecycle was built upon the
premise thatitis an effective technique for incorporating customer requirementsinto
productdesign, in such a way that a history of itnproved product-releases could be
achieved and quantifiable relationships could be established between customer satisfaction
and the high-level specifications of a cornmunications-and- control system.

Against this background, the adaptation of the Q1D technique focused mainly On exploring
the mecasurements of software behavior ( or, performance characteristics) and on assuring
the degree of completeness (or appropriatencss) of hig,h-level specifications, whi le
facilitating the analysis anddesign activitics of the product-devel opment team. Where
needed, Q] 1D was coupled with other techniqgues, such as Yourdon’s method ology.

Introduction

1cveloping aninformation-system product has never beenan casy task, whether from the
ground up or from a legacy systen. From the product-planning perspective, such system-
development activities range from understanding and capturing customer needs at the
highestlevel to understanding product requirements and controlling at the lowest level
those system-performance parameters that directly contribute to customer requirements.
This paper describes the application of the Quality 1 ‘unction Deployment (QID) technique
to such a product-planning environment (or, pre-project phase) for the Network Control
System (NCS) of the Deep Space Net work (] ISN).

At the time of” the NCS pre-project, NASA was planning to cvaluate opportunitics for
agency- wide consolidationand expanded commercia i zation of space- missionoperations.
Insupport of this new NASA horizon, the DSN at the Jet Propulsion 1.aboratory (3], )
started to evaluate new concepts for more autonomous space operations.

The Business Case

in the current approach to space operations and mission control, an around-the-clock
operations team is needed for each DSN communications link to carry outon the ground a
variety of functions, such as DSN-wide resource scheduling, spacecraft-co mmanding,
spacecrafl tracking and navigation, monitoring the slab-of-hcal[h of the spat.ccrafl and
teleccommunic ations link during a pass, ensuring correct functioning of all spacecraft and
ground cquipment, and coordinating failure recovery actions or “workarounds.” This
human-resource-intensive approach is becoming less and less viable in the future dueto (1)
a desire to optimize the utilization of DSN aperture, (2) a desire to accommodate Principal-




Investigator (P1)-controlled missions, (3) a desire to accommodate deep space missions
with significant round-trip lig,ht-time communications delays, and(4) adesire tolimitthe
operati inst camand 1SN overall operational costs.

IN thenew concept of DSNoperations (1o be actualized via the NCS), the stated
programmatic goals arc to enable a net annual savings of scveral minim dollars in
operations costs and to recover the implementation costs over a four-year payback period.
The scope of the pre-project phasc involves the establishment of - customer needs (or
requireinents) and the conceptual design of a new network-control s ystem that can be
rapidly de.vc.lope.d and deployed withinone ycar of conceptual-design-complet cd.

The Selection of QFD

Afler some doses of Total Quality Management (I'QM) rehabilitation, several of us at 1P1.
by now belicve that the most important step in product planning is to figure out who our
customer(s) is'we. Unfortunatel y, this is usually harder thanitseems at first glance. After
afcw weeks of system-analysis activitics that did not yield any agreeable set of customers
or customer requirements, it became compelling that requirements definition isa very risky
business - especially when everyone wants to see a “smart system” that controls everything
yet is casy to operate but cannot totally displace the worker.

The sclection of QID started by recognizing that “quality” means customer satisfaction with
the product. Additionally, the Q1) approach stands out as one that systematizes TQM,
when ¢ ompared to other techniques or methods for requirements definition. QI iy
introduces quality, indecd, as carly as in the requirements phase (or “upstream”) and
throughout every product development stage. More importantly, ‘{quality” is presented
fromthe customer’s perspective, in the customer’s “language” -- as opposed (o the
designer’s or engincering perspecti ve. The goal of QI isto deploy this cLislonw.r’s
perspective (also referredtoas Voice Of the Customer, or VOC, or custorner
requirements) throughout the product’s technical requirements and specifications inan
explicitand systematic manner. The mapping of design features or essential product-
features to those customer requircinents becomes a pivotal factor for QHD’s role in
delivering high-quality products.

1 ‘or the N(X pre-project phase, a small, cross-functional team was appointed to carry out
the Q1D process. Specifically, the tcam’s target deli verables are the product-p lanning
matrices, as these represent the mostimportant tenet for estimating, the realneeds of various
customers and capturing their respective requiren rots, as wellas for defining the key
requirements oft he to- be-developed product. For more detailon QF1), referto [ 1]. A
pictorial summary of the QI'I>’shouse of quality is also provided inFigure 1,

once ancw techniqueisselected, good software management practices remind us that, in
spite of its promised value, a “novel” development methodology represents a significant
software risk clement to a softwarc-intensive system development project. Accordingly, a
risk-1nitig ation decision was made to adopt <)]']) for thispre-project phase, and to leave
open the option to choose. an alternative technique for the Jwo.led, Additionally, the
responsibility for “not playig by the book” (as recommended by Professor Yoji Akao
himself) anti for film-tuning the technigue and adapting 1t to the NCS was assigned to a
dedicated process engincer. The process engineeiselected 111’ s QY1Y/Capture as the tool
for the process.




What Made This QYD Application Unique?

Inhight of NASA’s internal pressures for stratcgic changes, the political pressure associated
with labor contract s in deployment over thiree different countrics, and the complexities of
catering (o an international scicnce community that dots not “dircctly buy DSN data
services”, the team members who were to i nclude operat ions representatives were chosen
for a combination of cross-functionality, knowledge and experience wit h the 1SN, and
cspecially respect among their peers and non-bias for their 11 ne managers or organizational
affiliations. ‘his combination is an absolute necessity for the team to stand a chance with
the organizations thatmight be negatively impacted by the proposed design,

Predictabl y, the Q) process quickly got the teaimto get past the usual arguments about

what customer requirements are vs. what design is. Instead, the focus shified to:

(a) identifying and agreeing 10 what the various classes of customecrsare, and accepting
thatthe extent of overlap incustomer needs should not be used as the discriminating
factor in the class partitioning activity;

(b) how to level the various customer needs;

(c¢) what the product is vs. what the scrvices are (when the product is used in the
“background” as amcans 1o deliver services);

(d) how muchrigor should be applied to the cstimation of customer needs;

(c) how to ensure that the QII) matrices are “adequate” at capturing, the “essential product
features” that correlate wit h the customer needs/requireinents;

(1) how to ensure the completeness of a minimalist set of product requirements -- whether
with or without Q) i),

Combining the Yourdonmethodology with the QFD process was criticalto the successful
completion of the NCS cone.cptuai design. The combined process included 5 distinet
activities, which are embedded along a spiral model itself. Of these 5 activitics only the
development of operations scenarios is not included in the following discussion.

1. Defining the. Context

Thisactivity is similar to the development of the Yourdon’s context diagram. The objective
is to define the solution space, in terms of a black box that interacts with its environment.
The black box isintendedto represent the product or scl~'icest[)-1)c-- c(~{Idl{I~c.{l by thcend-
user.

This diagram forms the starting point for developing the conceptual design of the NCS.
Sce Figure Hfor NCS’s context diagram.

2. Developing 1evel-1 QFD Matrix

At this pre-project phase, Q1D identifies the key aspect of NCS that the customer is
interested in from the customer’s perspective (in this case, the Decision-makers) by filling-
in the columns headed “Whats” of Figure 1. This consists of cliciling expected customer
needs (via interviews) and estimating real customer needs, via deployment scenarios that
arc derived from the contextdiagram and thatassume expansions of sclected external-
interfaces. Besides having the context diagram as the input, this activity is ve ry QID-
specific. for more detail on the application of the QFD technigu e, refer to | 1] and [2].

Where the NCS’s application is unique is in the coupling of the level- 1 DED with the QEFD
matrix, for the filling-in of the columns headed “11ow” of Figure 1 (or product
requirements). ‘Jhelevel-l DEFD isused, indeed, forthe:




m identification of essential software processes that make up the product which will solve
the customer needs (or the “whats”);

B specification of the performance parameters associated with the primary data flows of
these processes;

W capturing of decision-tree parameters.

The NCS level-1 QID is provided in Figure 1L This QFD’s correlation matrix makes
technical risk identification explicit, by highlighting potential performance bottlenecks and
selting the basis for subscquent risk assessment.

The power of QID is founded in how it asks the *am to consider alternative solutions, (o
make tradeoff decisions explicitly, and how it cfficiently captures decisions and analysis of
information among QFD tcam members, as well as with other project-team members for
continuous in-project or across-project refinements and improvements.

3. Developing 1.evel-1 Data Flow Diagram

This activity started after the start of the level-1 data flow diagram (DFD), that identifics
two software end items; namely, the Customer Service and Scheduling (CSS) and the
Lquipment Activity Controller (LAC). 1t was agreed that both CSS and EAC needed their
respective Jevel-1 DEDs. For the purpose of this paper, only the CSS’s DFD is provided
in Higure 1V,

The objective of the level-1 DED is (o develop a logical model of the CSS, in terms of
processes, control flows, and data flows (or messages). This model should be high-level
enough to allow for consistency check and validation against user requirements and the
level-1 QED; and, 1o necessitate a next level of decomposition (into a level-2 DHD), Figure
IV shows the software architecture of the CSS, and has evolved from an carlier version of
software-requirements DED. The carlier DED facilitated analysis, and was critical to the
verification of completeness of processes. The latter version (as captured in Figure 1V) sets
the foundation for further, detailed design or for prototyping of the CSS.

4. Rapid Itcractions for Cost Bstimation

The combination of the context diagram, level-1 QID, level-1 DYl ), opcrations scenario
and associated hardware diagrams (not covered in this paper) were adequately detailed, to
support the development of a product-based Work Breakdown Structure (WBS), a level- 1
schedule, and a full cost-estimation ¢ffort.

It is worth noting that the tool environment established and controlled by the process
engincer was a key factor in the successful definition and application of a rigorous process.
Rigor-enforced, in turn, enabled the rapid iterations and refinements of the NCS customer
and product requirements without generating reams of cumbersome and distracting,
documentation. Finally, the accelerated rate at which a cross-functional, co-located QI'ID
tcam could iterate and release the level- 1 QFID became an effective catalyst for the problems
of requirements volatility and accurate problem-domain knowledge acquisition noted by
Curtis et al |3].

Conclusion

This paper has described how the Q1D process has been adapted and mixed-in-with
Yourdon’s methodology, to enable the capture of customer requirements and rapid
definition of a software-intensive system’s conceptual design. The author belicves that
progress toward the goal of having a methodology that enforces rigor in requirements




capture and conceptual design, as will as intheir systematic reuse, lies ina development
supportenvironment, whichi includes QIYD- based tools (for the explicitand d iscipli ned
incorporation of customer requirements into product design). This would necessitate
further bridging, bet ween Q' 1 ))-based tools and other operations-scenario developmentand
simulation tools.The contribution of the QI'D-based technique is in the front-end of the
process, and has most impactin (8) enabling optimal decision making by the right Q')
development team; (b) cnabling rapid customer-centered model development, checkout,
modification, and 1rc.L]sC. Morcover, resultsto-date Suggest that Q] 1) could be a valuable
tool for t heentire. life-cycle, for controlling requirements changes, iterating descope-
alternatives, and capturing the results of those decisions in away that would positive.]y
impact subsequent phases of developnent in significant ways.
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